Initial ideas on fusion based on conventional high enerpy accelerator technology were presented two year ago. 2 Concepts at Argonne evolved from protons and alphas toward heavier ions, strongly stimulated by a calculation by Clauser on the energy deposition requirements with protons for small unclassified pellets of deuterium tritium. It was appreciated that the shorter range of heavier ions would permit the use of higher ion energy, greatly increasing the energy storable per ring and decreasing the ion current needed for pellet ignition. However, three problems seemed to present roadblocks in the path of the development of a total concept which could be realized with existing accelerator technology. These were (a) the intensity and brightness of existing heavy ion sources, (b) the fundamental limitation of storage time due to charge changing collisions of the lightly charged ions with each other, and (c) injection techniques which could ensure the ability to fill a storage ring to its space charge limit with singly charged heavy ions. These problems all appeared to be overcome conceptually with the suggestion ?f the feasibility of molecular dissociation injection of I+ from accelerated (HI) molecules. As 
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Beam Transport
It is well known that space charge forces can be dominant in the transport of intense ion beams. Such considerations impact strongly on the low energy end of a conventional accelerator; they will play a decisive role in the transport of intense ion beams from the accelerator or storage ring to the target for the pellet fusion application; and space charge considerations are particularly severe at the beginning of the linear induction accelerator. The importance of space charge forces to ion beam fusion is demcT strated by the presence of two papers on the subject at this conference.
Conventional accelerators for heavy ions in which the ion energy is less than 2 MeV from the dc preaccelerator will require a special design of the initial stages of RF acceleration in order to accommodate a projected current of 100 mA with such low velocities. At the moment, the spiral structure appears to be superior to either the Wideroe or split ring because the shorter cavities allow more closely spaced quadrupoles. The current carrying capability in the presence of strong space charge forces is, therefore, greater.
However, the feasibility of acceleration of high currents of 750 keV heavy ions in any RF structure is far from assured. For such low velocity ions, the structure must operate at a low frequency. A spiral resonator operating at 12. 'source The above target requirements are, those: given by the target group at the summer study.' There needs to be some limit placed on the allowable emittance of the circulating beam in any accumulator ring, both because of the difficulty of construction of a magnet with too large an aperture and the difficulties of extracting a beam of large size. There is some feeling that the restriction on emittance should be even more severe.
Restricting the average circulating current in a ring to 20 A seems conservative in view of the 40 A of protons achieved in the ISR rings. However, this value is also the maximum that can be achieved with a 50 mA linac current and the proposed maximum of 400 turns of injection. Moreover, heavy ion beams of this current have not been observed and one might be concerned about unknown instabilities at much higher currents.
The limit to 400 turns injection into a ring imiplies 20 turns each into horizontal and vertical phase space. To accomplish this efficiently will require development of injection techniques, although conceptually the solution is straightforward. The longitudinal compression of 100 includes the effect of normal bunching such as required for acceleration. Such bunching can easily be a factor of 10 (Bf = 0.1) so that longitudinal compression by only an additional factor of 10 is required. The latter power has been used in computing the relationship between V and K and is plotted in Fig.   1 .) The curve of Fig. 1 5 GV, giving the maximum ion energy of 50 GeV. The range of xenon charge states for which an accelerator system can be designed to meet these target requirements without exceeding the limit of K = 4 x 10 is, therefore, from +1 to +10. The range is different for other ions. The range of charge states for various ions is shown in Fig. 1 
Choices between these many alternatives will depend strongly on relative costs of the accelerator systems among other factors. We have begun a program to systematically examine economic aspects of various options. Preliminary results indicate that for linac accumulator systems, the most economic system favors higher charge stjtes. These results, presented at this conference, are not conclusive, however; and the study is continuing to examine many other factors. One of these is the accelerator efficiency, which could become very important in determining the practicality of a particular accelerator system as the ignition source of a fusion power plant.
Ion Sources
In addition to the dependence of the relative cost of accelerator configurations on ion species, many other factors may be important in the final choice of ion species.
Such factors relate to demonstrated source performance in terms of current, brightness, and reliability, cross section for ion-ion charge exchange, and engineering consideration such as ion reactivity with surfaces and condensibility of ions. The latter could be important for achieving a high pumping speed at the source to alleviate serious problems of high gas pressures in the accelerator columns. 
